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ABSTRACT
Social cognition is essential for functional outcome and quality of life in psychiatric
patients. Facial affect recognition (FAR), a domain of social cognition, is impaired in many
patients with schizophrenia and bipolar disorder. There is evidence that abnormal visual scanpath
patterns may underlie FAR deficits, and metacognitive factors may impact task performance.
The present study aimed to develop a brief, individually-administered, computerized training
program to normalize scanpath patterns in order to improve FAR in patient with a psychosis
history or bipolar I disorder. The program was developed using scanpath data from 19
nonpsychiatric controls (NC) while they completed a FAR tasks that involved identification of
mild or extreme intensity happy, sad, angry, and fearful faces, and a neutral expression. Patients
were randomized to a waitlist (WG; n = 16) or training group (TG; n = 18). Both patient groups
completed a baseline FAR task (T0), the training (or a repeated FAR task as a control for WG;
T1), and a post-training FAR task (T2). Patients evaluated their own performance and
eyetracking data were recorded. Results indicated that the patient groups did not differ from NC
on FAR performance, metacognitive accuracy, or scanpath patterns at T0. TG was compliant
with the training program and showed changes in scanpath patterns during T1, but returned to
baseline scanpath patterns at T2. WG and TG did not differ at T2 on FAR performance,
metacognitive accuracy, or scanpath patterns. Across both patient groups, FAR performance for
mild intensity emotions were more sensitive to the effect of time than for extreme intensity
emotions. Exploratory analysis showed that at baseline, greater severity of negative symptoms
was associated with poorer metacognitive accuracy (i.e., accuracy in their evaluation of their
performance). Limitations to the study and future directions are discussed.
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CHAPTER 1: INTRODUCTION
Social cognition refers to the mental operations involved in the understanding, storage,
and application of information about other people and oneself. These processes govern social
interactions and are essential for maintaining interpersonal relationships. In patients with
schizophrenia, social cognitive impairments contribute to decreased functioning and quality of
life (Fett et al., 2011; Green, Hellemann, Horan, Lee, & Wynn, 2012). Facial affect recognition
(FAR) is a domain of social cognition that involves the ability to identify emotions based on
facial expressions, which is important in promoting empathy and guiding appropriate social
behavior. Deficits in FAR have been well documented in schizophrenia (Chan, Li, Cheung, &
Gong, 2010; Kohler, Walker, Martin, Healey, & Moberg, 2010) and are associated with poor
work functioning and independent living (Kee, Green, Mintz, Brekke, 2003). FAR deficits are
trait-like in that they are present during acute psychotic illness and persist after symptom
stabilization with medication (Daros, Ruocco, Reilly, Harris, & Sweeney, 2014). Furthermore,
unaffected relatives of patients with schizophrenia also exhibit impaired FAR (Kee, Horan,
Mintz, & Green, 2004; Alfimova et al., 2009), which suggests that FAR deficits may serve as an
endophenotype or a marker of vulnerability to schizophrenia.
Neuroimaging studies have shown abnormalities in neural activity associated with facial
affect perception in patients with schizophrenia as compared with healthy controls. Although
specific findings are mixed, results from several meta-analyses indicate that patients with
schizophrenia exhibit a pattern of reduced activation in the right inferior occipital gyrus, right
fusiform gyrus, left amygdala and hippocampal regions, anterior cingulate cortex, medial
prefrontal cortex, and thamalus. In contrast, patients exhibit greater activation in the insula,
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cuneus, parietal lobule, and superior temporal gyrus (Li, Chan, McAlonan, & Gong, 2010;
Taylor et al., 2012; Delvecchio, Sugranyes, & Frangou., 2013). These studies suggest that FAR
impairments may result from failure to sufficiently recruit brain areas normally involved in
emotion processing, and other brain areas may be engaged to compensate for hypoactivation in
the essential face processing areas (Green, Horan, & Lee, 2015).
In nonpsychiatric adults, gaze fixation on affective stimuli has been shown to predict
activity in brain areas associated with emotion processing such as the amygdala and regions of
the prefrontal cortex (van Reekum et al., 2007), and direct manipulation of visual scanpath while
viewing faces can alter brain activation in the fusiform face area (Morris, Pelphrey, & McCarthy,
2007). Therefore, a possible mechanism underlying reduced brain activity related to FAR deficits
is abnormal visual scanpath (i.e., aberrant eye movement patterns during viewing and
recognition of a visual stimulus). Walker-Smith, Gale, and Findlay (1977) found in a study of
three participants that they have individually unique fixation strategies when viewing faces and
had individual preferences for which feature they fixated on the most. The participants also
exhibited intra-individual consistency in the sequence of fixations, and deviation from the
individual’s own pattern was associated with slower reaction time. Schurgin et al. (2014)
examined scanpath patterns when identifying emotional faces and found that individuals vary on
the proportion of fixation on each feature when looking at different emotions. For example,
angry, sad, and shameful expressions received the most percentage of fixations on the eyes,
while joy and disgust received the most percentage of fixations on the mouth when compared
with other expressions. Individuals also showed differential fixation sequence across emotions.
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For example, they tended to fixate on the upper nose, then the mouth for the emotion of joy,
whereas for anger, they fixated first between the eyes, then at the eyes and the mouth.
Indeed, abnormal visual scanpath has been demonstrated in schizophrenia and is more
apparent for faces when compared with non-face stimuli (Manor et al., 1999; Williams,
Loughland, Gordon, & Davidson, 1999). In general, individuals with schizophrenia exhibit a
“restricted scanpath,” that is, fewer fixations of increased duration, shorter scapath length,
increased attention to irrelevant features, and decreased attention to salient features (e.g., Gordon
et al., 1992; Loughland, Williams, & Harris, 2004). In schizophrenia, the proposition that visual
scanpath abnormality is an underlying mechanism for FAR deficits is supported by correlations
between scanpath variables (e.g., duration of fixations) and FAR performance (Simpson,
Pinkham, Kelsven, & Sasson, 2013). Furthermore, improvements in FAR have been shown to be
concurrent with normalized scanpath for facial stimuli following facial emotion recognition
training (e.g., Russell, Green, Simpson, & Coltheart, 2008) and pharmacological treatment
(Williams, Loughland, Green, Harris, & Gordon, 2003) in patients with schizophrenia.
Processing of visual information begins with sensory information gathered by the eyes,
which is governed by both top-down and bottom-up cognitive factors. Whereas crude
discrimination is generally achieved via the bottom-up process, perception of specific details is
more heavily determined by attention (Shiffrin & Schneider, 1977). There is evidence that
scanpath patterns for neutral faces presented within a block of emotionally consistent faces are
similar to the scanpath patterns for the emotional faces, depending on which emotional faces the
neutral faces were embedded within (Schurgin et al., 2014). Thus, there is a top-down process
determined by volition or expectation involved in visual scanning. When attempting to
3

successfully complete a task, such as one in which FAR is involved, this volition is at least
partially driven by metacognition. Metacognition is “our knowledge about how we perceive,
remember, think, and act – that is, what we know about what we know” (Metcalfe & Shimamura,
1994) and involves two important processes: monitoring and control. Monitoring refers to the
evaluation of one’s thought and action, and control is the way in which behavior is guided by
self-evaluation (Nelson & Narens, 1990). In schizophrenia, metacognition has been suggested as
an important factor both mediating and moderating relationships between cognitive deficits and
functional outcome (Koren, Seidman, Goldsmith, & Harvey, 2006; Lysaker et al., 2010). Studies
of patients with schizophrenia have shown that they are imprecise at monitoring their own errors
when judging the mental states of others (Köther et al., 2012) and that metacognition predicts
FAR performance (Lysaker et al., 2014). Metacognition is important particularly in evaluating
treatment efficacy and is a possible mechanism by which cognition and performance improve. It
is critical to understand whether treatment enhances cognition (i.e., cognitive ability),
metacognition (i.e., the ability to evaluate one’s own thinking and act accordingly to boost
performance), or both. Understanding the mechanism of change at this level will inform
treatment targets and designs.
There are a number of established training programs that target social cognition and FAR.
Some are more comprehensive and consist of multiple components that include studying facial
expressions, didactic presentations, facial mimicry exercises, and applying learned skills to
everyday social contexts (e.g., Frommann, Streit, & Wölwer, 2003; Penn et al., 2005; Horan et
al., 2009), while others are more specifically focused on identifying facial expressions (e.g.,
Ekman, 2003; Combs et al., 2008). Components that seek to improve FAR involve identifying
4

and verbalizing the facial features of emotions (Frommann et al., 2003), completing a FAR task
with feedback and hints to the correct answer (Silver & Oakes, 2001; Penn et al., 2005), learning
micro-expressions (quick, involuntary expressions that occur when someone is trying to hide an
emotion) with verbal directions to attend to relevant facial features and feedback (Ekman, 2003),
and directing attention via a fixation cross at the center of the face (Combs et al., 2008).
The literature on currently existing facial affect recognition treatment programs generally
report improvements in FAR post-treatment. However, in a recent review, Statucka & Walder
(2013) identified some important limitations of the existing research and the training programs.
One limitation discussed was the homogeneity of patient samples, as studies focused almost
exclusively on patients diagnosed with schizophrenia. There is growing realization that clinical
symptoms transcend diagnostic categories and that current research methodology based on
diagnoses not only limits understanding of the true nature of psychopathology, but also limits the
potential outreach of a treatment to other populations with similar symptoms. To address this, the
National Institute of Mental Health has launched the Research Domain Criteria (RDoC)
initiative, which seeks to understand common neurobehavioral aspects of psychopathology,
presumably resulting from common neural circuit dysfunction, across rather than within
disorders (Cuthbert and Insel, 2013). Indeed, FAR deficits have also been documented in other
disorders including bipolar disorder (Kohler, Hoffman, Eastman, Healey, & Moberg, 2011;
Ruocco et al., 2014). They are most severe in diagnoses marked by more chronic psychosis (i.e.,
schizophrenia, schizoaffective disorder) followed by those marked more prominently by mood
disruptions (i.e., psychotic bipolar disorder; Ruocco et al., 2014). Furthermore, patients with
affective disorder show avoidance of salient facial features (Loughland, Williams, & Gordon,
5

2002) and children with bipolar disorder spend less time looking at the eyes (Kim et al., 2013)
during emotion recognition tasks. Evidence suggests that schizophrenia and bipolar disorder
share common genetic risk factors (Lichtenstein et al., 2009; Lee, Woon, Teo, & Sim, 2012),
brain structure abnormalities (Anderson et al., 2013), neurocognitive and functional impairments
(Harvey et al., 2016; Kuswanto et al., 2016). The considerable overlap between schizophrenia
and bipolar disorder has raised the possibility that there is a shared causative factor or that these
disorders fall on a continuum rather than discrete diagnostic categories.
Another limitation is the requirement of some multi-component programs (e.g.,
Frommann et al., 2003; Penn et al., 2005; Horan et al., 2009) that raise problems regarding the
dependency on group attendance and performance, inappropriate therapist training, treatment
nonadherence, and greater treatment costs. Furthermore, it is unclear the unique contribution of
each component of the treatment to FAR improvements. Others that are single session trainings
without the need for specially trained therapists simply directs attention to the center of the face
with a fixation cross (Combs et al., 2008) or was developed for the professional population to
improve identification of microexpressions of persons who are lying (Ekman, 2003), and as such,
is misaligned with the primary need of the clinical population, which is to improve recognition of
genuinely expressed emotions that are readily identifiable by the normal population. These
limitations may be barriers to implementing facial affect recognition training as a standard of
care in psychiatric and clinical settings.
The purpose of the proposed research was to develop a brief, individually-administered,
single-session, cost-effective FAR training program and to examine its effectiveness in
improving FAR impairments in a transdiagnostic sample of patients with a history of psychosis
6

and bipolar disorder regardless or psychosis history. As used in current treatment programs that
have been shown to improve FAR performance, the present training program also relies on
directing attention to relevant facial features. However, the current training capitalizes on
technological advances and use eye tracking information from a control sample of individuals
with good performance on FAR to inform directed attention. The current study aimed to help to
clarify to what extent FAR is related to visual scanpath abnormalities and metacognition. These
answers will inform treatment targets as well as provide a greater understanding of the etiology
of FAR deficits. This project was carried out in two phases, one of which was to gather healthy
control data and developing the training program, and the subsequent phase was to implement
the training program. It was hypothesized that: (1) a patient group that receive the training (TG)
will perform significantly better on emotion identification accuracy on a FAR task post-training
as compared with baseline, while a patient group that were wait-listed for training would show
no improvement; (2) TG, but not WG, will exhibit significantly increased accuracy in rating of
confidence (metacognitive accuracy) in their answers from pre- to post-training; and (3) visual
scanpath patterns will be significantly different in TG, but not WG, at post-training, as compared
with pre-training, and, at post-training, will approximate those of the nonpsychiatric control
group (NC). We further aimed to examine, in an exploratory and transdiagnostic manner, the
clinical symptoms that are associated with treatment response and non-response.
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CHAPTER 2: TRAINING PROGAM DEVELOPMENT
Method
Participants and Recruitment
Nonpsychiatric control participants (NC) were recruited for the development of the
training program. These participants were undergraduate students enrolled in psychology courses
at a Southeastern university and recruited via a web-based research participation management
software. Exclusion criteria included a self-reported history of: substance abuse within the past 6
months, a medical condition or head trauma that may affect brain functioning or their ability to
perform the task, a psychiatric diagnosis, the use of psychotropic medication, or a diagnosis of
schizophrenia, schizoaffective, or bipolar I disorder in one of their first degree biological
relatives. After reading an online consent form, participants were screened for these exclusion
factors, provided demographic information through an online questionnaire, and completed the
Beck Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996) and Beck Anxiety Inventory
(BAI; Beck & Steer, 1990). Participants were excluded if they report significant symptoms of
depression or anxiety as defined by scores on the BDI-II (> 18) or BAI (> 16) that are
recommended clinical cutoffs according to the manuals. Efforts were made to recruit control
participants who matched the anticipated training group on sex, race, and age, although their
mean age was lower given that they were undergraduate students. Participants received academic
credit toward a psychology course in return for completing the study procedures.

8

Stimuli and Apparatus
SR Research Experiment Builder 1.10.1241 was used to present colored photographs
from a database of faces of actors expressing posed or evoked emotions (see Gur et al., 2002 for
acquisition method). The photographs had been validated and previously used with individuals
with schizophrenia and bipolar disorder (Gur et al., 2002; Kohler et al., 2003). Permission was
obtained from the developers to access their database of 96 faces expressing happiness, sadness,
anger, fear, disgust, and a neutral expression. The faces are diverse in race, ethnicity, and sex,
and non-neutral expressions are displayed with mild and extreme intensities. Visual scanpath
were recorded using the EyeLink1000 infrared eye tracking system and retinal and corneal
reflections were sampled at 1,000 Hz. DataViewer 1.11.900 was used to process eyetracking
data. A videogame controller served as the response device. A chinrest was used to reduce head
movements.
Procedure
Participants completed the BDI-II and the BAI again in person to screen for state
depression and anxiety that may affect performance on the task, and they were excluded if their
scores were greater than the recommended cutoffs as stated above. Participants were seated and
rested their chin on the chinrest, which was positioned 60 cm from a 26” monitor such that the
eyes were horizontally level with the center of the screen. A 5-point calibration was conducted.
Saccades and fixations were determined by the default algorithm for cognitive research in the
Eyelink 1000 software; a very similar algorithm was used in a FAR scanpath remediation study
by Marsh, Luckett, Russell, Coltheart, and Green (2012). Saccades were identified when eye
9

movement distance reached 0.15° degrees, velocity reached 30°/s, and acceleration reached
8000°/s2. Samples that were not part of a saccade were considered fixations, and missing
samples were considered blinks. FAR stimuli were 514 pixels in length (13° visual angle) by 400
pixels wide (10° visual angle) and centered on the screen. Participants were shown photographs
of faces displaying mild and extreme intensities of four basic emotions (happiness, sadness, fear,
anger) or no emotion (neutral). Because a primary interest of this study was the participant’s
strategy for identifying emotions, the stimuli were presented until the participant indicated by
pressing a button on the response device that he or she was ready to identify the expression. The
button press triggered the next screen, which prompted the participant to “choose the emotion
that was shown” and allowed the participant to select from five choices (“happy,” “sad,”
“angry,” “fearful,” and “no emotion”). The next screen asked the participant to “rate your
confidence in your answer” by choosing one of four options: “definitely correct,” “probably
correct,” “probably incorrect,” or “definitely incorrect.” There was no time limit for any of the
responses. Participants were given instructions on the FAR task and completed 5 practice trials
to ensure understanding before the experimental task. Figure 1 illustrates a sample trial. Faces
were presented in a random order. There were four emotions with two levels of intensities each,
as well as a neutral expression, totaling 9 stimulus conditions. There were four photos for each of
the emotional conditions and eight photos for the neutral condition, totaling 40 stimuli. The task
excluding equipment set up lasted approximately one half hour. Eyetracking data were collected
for the duration of the task. There were five predefined interest areas: right eye, left eye, between
eyes, nose, and mouth (see Figure 2). Any areas outside of these interest areas were collectively
considered a noninterest area.
10

Figure 1: Sample trial

Figure 2: Pre-defined interest areas outlined in yellow
11

Data Analysis
First, the sequence of the fixations on interest and noninterest areas was coded for each of
the 40 stimuli for each participant. Consecutive repeated fixations within one interest area were
removed so that the sequence represented the fixation sequence from one interest area to another
separate interest area. Note that the revisiting of interest areas was retained; for example, if a
fixation sequence were left eye – left eye – mouth – nose – left eye, it was coded as left eye –
mouth – nose – left eye. For each stimulus, it was determined the interest area of each
participant’s first fixation, second fixation, and so forth. For each stimulus, the modal interest
area for each fixation position across participants was determined and the probability was
calculated. These probabilities were averaged across stimuli within one stimulus condition and
the interest area with the highest probability for each fixation position was determined. If the
highest probability for a particular fixation position was equal among two interest areas, then the
average duration of these fixations were used to “break the tie,” that is, the interest area with the
longer average fixation would be deemed the earlier fixation. This sequence was then used in the
training program. To determine the duration of each fixation, the sum duration of fixations
within each interest area was averaged within participants for each stimulus condition, then
averaged across participants. If an interest area was revisited, the sum duration was divided
across the number of fixations. Statistical analyses were conducted using SPSS Version 23.
Results
Twenty-two undergraduate students completed the computerized emotion recognition
test. Three were excluded from data analysis because of equipment failure (n = 2) and reporting
12

at the end of the study that she did not realize there was a “no emotion” option (n = 1). The final
sample consisted of 19 participants (see Table 1 for sample characteristics). The number of
fixations was analyzed using a repeated-measures analysis of variance (ANOVA) with withinsubjects factors of emotion (happy, sad, angry, fearful) and intensity (extreme, mild). Mauchly’s
test indicated that the assumption of sphericity had been violated for the main effect of emotion,
X2(5) = 18.18, p = .003, and for the emotion by intensity interaction, X2(5) = 17.67, p = .003;
therefore, degrees of freedom were corrected using the Greenhouse-Geisser correction. There
were significant main effects of emotion, F(1.76, 31.68) = 19.01, p < .001, ήp2 = .514, intensity,
F(1, 18) = 30.43, p <.001, ήp2 = .628, qualified by an interaction between emotion and intensity,
F(1.94, 34.97) = 7.58, p = .002, ήp2 = .296. Pairwise comparisons revealed that happy
expressions (M = 4.95 ± 0.43) were viewed with significantly less number of fixations than sad
(M = 9.43 ± 1.15), angry (M = 10.01 ± 1.02), and fearful (M = 7.90 ± 0.57) expressions (all ps <
.001). Angry expressions were viewed with significantly more fixations than fearful expressions
(p = .013). Mild intensity expressions (M = 8.98 ± 0.77) were viewed with more fixations that
extreme intensity expressions (M = 7.16 ± 0.70; p < .001). To explore the emotion by intensity
interaction, the effect of intensity was analyzed separately for each emotion (see Table 2).
Results indicated that participants had a greater average number of fixations for mild intensity
than extreme intensity sad and angry faces, whereas they did not differ in their average number
of fixations for mild and extreme intensity
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Table 1
Sample Demographic and Clinical Characteristics
Nonpsychiatric
Waitlist
Training
Controls
Group
Group
(n = 19)
(n = 16)
(n = 18)
Between-Group Comparisons
Post Hoc
Age
25.0 (6.6)
42.6 (9.6)
39.2 (9.1)
F(2, 50) = 22.12, p < .001
HC < WG, TG
Gender, % female
63.2
50.0
50.0
Χ2(2, n = 53) = 0.85, p = .653
Race
Χ2(2, n = 53) = 18.26, p = .019
% Caucasian
52.6
87.5
38.9
WG > HC, TG
% African American
15.8
12.5
50.0
TG > HC, WG
% Others
31.6
0
11.1
Ethnicity, % Hispanic
31.6
6.3
5.6
Χ2(2, n = 53) = 6.28, p = .043
HC > WG, TG
Education, years
13.8 (2.7)
14.2 (2.2)
F(1, 32) = 0.31, p = .581
Mother Education
14.1 (2.9)
13.8 (2.4)
F(1, 30) = 0.15, p = .707
Father Education
14.7 (3.6)
13.5 (3.1)
F(1, 28) = 0.86, p = .361
BDI
4.1 (4.7)
17.9 (10.5)
13.8 (9.3)
F(2, 49) = 12.73, p < .001
HC < WG, TG
BAI
2.2 (3.0)
STAI-S
34.4 (13.3)
33.1 (9.5)
F(1, 32) = 0.12, p = .737
PANSS
Positive
10.4 (4.5)
13.5 (4.8)
F(1, 32) = 3.81, p = .060
Negative
11.1 (5.9)
10.3 (4.1)
F(1, 32) = 0.18, p = .675
General
22.8 (8.5)
22.7 (5.3)
F(1, 32) = 0.001, p = .973
BDI = Beck Depression Inventory; BAI = Beck Anxiety Inventory; STAI-S = State Trait Anxiety Inventory-State; PANSS = Positive
and Negative Syndrome Scale.
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Table 2
Scanpath Fixation and Duration Data for Nonpsychiatric Control Group
Within-subjects
comparison
Mean sum of all fixation
Mean number of fixations
for number of fixations
durations
Extreme
Mild
Extreme
Mild
Happy
4.9 (1.8)
5.0 (2.2)
F(1, 18) = 0.02, p = .879,
1306 (608)
1340 (666)
ήp2 = .001
Sad
8.1 (5.2)
10.8 (5.6)
2306 (1649)
3222 (1851)
F(1, 18) = 8.71, p = .009,
2
ήp = .326
Angry
7.6 (3.5)
12.5 (6.1)
3674 (2370)
F(1, 18) = 21.75, p < .001, 2064 (1061)
2
ήp = .547
Fearful
8.1 (3.6)
7.7 (2.6)
F(1, 18) = 0.16, p = .693,
2215 (1025)
2201 (841)
2
ήp = .009
Neutral*
9.1 (4.3)
5382 (2813)
*Neutral expressions do not have intensities.
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Within-subjects comparison
for duration face viewed
F(1, 18) = 0.10, p = .752,
ήp2 = .006
F(1, 18) = 11.81, p = .003,
ήp2 = .396
F(1, 18) = 14.36, p = .001,
ήp2 = .444
F(1, 18) = 0.03, p = .874,
ήp2 = .001
-

happy and fearful faces. To examine how neutral faces compare, we collapsed the emotions
across intensities and found that neutral faces were viewed with significantly more fixations than
happy (p < .001) and significant less fixations than anger (p = .031). Total number of fixations
per trial and total fixation duration were highly correlated (r = .83) and results for total fixation
duration were similar (see Table 2).
Fixation sequence analysis revealed that when consecutive repeated fixations within one
interest area were removed, the average number of fixations was 3 for extreme and mild intensity
happy faces, 5 for extreme intensity sad faces, 6 for mild intensity sad faces, 5 for extreme
intensity angry faces, 7 for mild intensity angry faces, 5 for extreme intensity and mild intensity
fearful faces, and 6 for neutral faces. Given that the maximum average number of fixations was
7, fixation sequencing was carried out to the 7th fixation for each stimulus. However, for some
stimulus conditions, there were no fixations from any participants after the 5th fixation (e.g.,
happy faces), and for other stimulus conditions, two interest areas had an equal probability at a
particular fixation position, and thus, both were included resulting in an extra fixation totaling 8
for the training program (e.g., fearful faces).
Participants varied widely in their fixation sequence. For example, the consensus for
looking at a specific feature of interest or a nonfeature for a particular stimulus type on the first
fixation ranged from 1% to 64%. Figure 3 depicts an example of the probability of fixation on a
given interest area by fixation position. Nonetheless, we used the highest probability to
determine the fixation sequence. Because some fixation durations were short, and in the spirit of
developing a training program, we multiplied the average fixation duration by a factor of 4 and
added another 200 ms, to allow time for participants to adjust their gaze and consciously attend
16

to the feature. Table 3 depicts the parameters of the training program determined by gaze
patterns from the control group. The pattern was repeated three times for each training stimulus.

Figure 3: Probability of fixation on an interest area by fixation position averaged across angry
mild intensity faces
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Table 3
Training Program Parameters
Fixation 1

Fixation 2

Fixation 3

Fixation 4

Fixation 5

Fixation 6

Fixation 7

Fixation 8

Happy
Mild
Extreme

nose (1124)
nose (856)

mouth (1288)
mouth (1440)

left eye (771)
nose (856)

right eye (1202)
right eye (692)

left eye (771)
right eye (692)

—
—

—
—

—
—

Sad
Mild
Extreme

nose (1452)
nose (1138)

left eye (2067)
mouth (979)

nose (1452)
nose (1138)

right eye (1521)
left eye (883)

nose (1452)
left eye (883)

left eye (2067)
mouth (979)

right eye (1521)
left eye (883)

—
left eye (883)

Angry
Mild
Extreme

left eye (2047)
nose (838)

non IA (4548)
mouth (1074)

right eye (1746)
nose (838)

nose (3356)
left eye (1276)

left eye (2047)
mouth (1074)

mouth (4088)
left eye (1276)

left eye (2047)
nose (838)

right eye (1746)
—

Fearful
Mild
Extreme

nose (1188)
nose (854)

mouth (845)
mouth (788)

nose (1188)
nose (854)

left eye (1720)
left eye (2145)

left eye (1720)
nose (854)

non IA (1724)
left eye (2145)

mouth (845)
mouth (788)

right eye (1721)
mouth (788)

Neutral

nose (2296)

right eye (2206)

nose (2296)

nose (2296)

left eye (3075)

right eye (2206)

left eye (3075)

—
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CHAPTER 3: IMPLEMENTING THE TRAINING PROGRAM
Method
Participants and Recruitment
Participants were recruited from the local Orlando, Florida community via referrals from
mental health facilities, advertisements in the local newspapers and websites (e.g., craigslist),
flyers, and word-of-mouth. This study was part of a larger project that recruited individuals with
schizophrenia, schizoaffective disorder, and bipolar disorder in advertisements. Potential
participants were screened over the telephone and excluded if they were not proficient in
English, had history of substance abuse within the last 6 months, or reported a history of medical
conditions or head trauma that may affect brain functioning or their ability to perform the task.
We recruited individuals aged 21 to 55 with a history of psychosis (i.e., delusions and/or
hallucinations), regardless of diagnosis, as well as individuals with bipolar I disorder regardless
of psychosis history. This transdiagnostic approach attempted to target patients who share a
history of a symptom associated with emotion recognition difficulties (i.e., psychosis), as well as
those whose emotion recognition impairments may share an underlying etiology (i.e., bipolar I
disorder). We chose these lower and upper age limits to minimize possible confounds associated
with neural development beyond adolescence and later age-related cognitive decline. For
example, there are demonstrated differences between adolescents and adults in brain activity
during selective attention to emotional faces (e.g., Monk et al., 2003) and older adults have
impaired ability to identify certain emotions (Horning, Cornwell, & Davis, 2012).
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Stimuli and Apparatus
SR Research Experiment Builder 1.10.1241, colored photographs acquired by Gur and et
al. (2002), and the EyeLink1000 eye tracking system with a chinrest were again used. Software
settings and setup procedures were identical to the those used during the training program
development. The training program involved presentation of a face with an overlaying empty
light gray circle that guides patients to focus on relevant facial features to mimics the way in
which the controls, on average, view the faces. Training was made explicit to the patients by
notifying them that, “People who do well on this test tend to look at the faces in a certain way. A
circle will guide you to look at the faces in a way that is similar to how those people look at it, so
please focus on the facial feature inside of the circle.” The gray circle moved to mimic scanpaths
patterns of the control group, including the sequence and duration of each fixation (see Table 3).
The training program used the same set of faces that were used to collect data from the NC
group; therefore, there were again four emotions (happy, sad, angry, fearful) and two intensity
levels (extreme, mild), as well as a neutral expression, totaling 9 stimulus conditions and 40
training trials. Eye tracking data were used as a manipulation check to ensure that patients were
following the circle and scanning facial features in the same manner as control participants.
Clinical Measures
All clinical assessments were conducted by carefully trained research assistants enrolled
in a doctoral-level clinical psychology program. The Structured Clinical Interview for DSM-IV
Axis I Disorders (SCID; First, Spitzer, Gibbon, & Williams, 1996) was administered to assess
psychopathology based on DSM-IV diagnostic criteria for major psychological disorders.
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Information gathered from the SCID was used to arrive at a consensus DSM-5 diagnosis among
a licensed clinical psychologist and several graduate students, paying special consideration to
inconsistencies between the SCID-IV and the DSM-5. Patients were also administered the
Structured Clinical Interview for the Positive and Negative Symptom Scale (SCI-PANSS; Kay,
Fiszbein, & Opler, 1987) and rated on the PANSS. The PANSS is a 30-item clinician-rated scale
that measures positive symptoms, negative symptoms, and general psychopathology within the
past week. State depression and anxiety were measured with the BDI-II and the State-Trait
Anxiety Inventory state form (STAI-S; Spielberger, 1983) to assess and control for the possible
influence of acute affective state effects.
Procedure
Patients were randomly assigned to either a training group or a waitlist group. Both
groups completed a baseline FAR test with the same procedure and stimuli as the test that NC
completed. Having all groups complete the exact same test allows direct comparison of baseline
performance. TG then completed the training program described above. To control for practice
effects of repeated testing and exposure to stimuli, WG repeated a FAR task using the faces from
the training program but without the instructions or circles that direct their attention. Finally,
both groups completed a post-training or post-control FAR task with new faces. Visual scanpath
data were recorded throughout the procedure using the EyeLink1000 eye tracking system.
Patients rated their confidence in their answer throughout each of the three phases of the
task: baseline (T0), training or control task (T1), and post-training or post-control task (T2). The
entire task lasted approximately 1 to 1.5 hours. They were reimbursed $16 per hour for their time
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and travel. All WG patients were offered the training before the end of their session, after all
experimental procedures had been completed.
Statistical Approach
SPSS Version 22 was used for all data analyses and an alpha level of .05 was adopted.
All baseline analyses that involved all three groups included age as a covariate, given that NC
was significantly younger than WG and TG. Baseline comparisons among groups were
conducted separately from training effect comparisons between WG and TG. All analyses
involving time compared baseline T0 to post T2. Task performance data were analyzed using
mixed-design ANOVAs to examine effects of group, time, emotion, and intensity on task
accuracy and metacognitive accuracy. Baseline scanpath data were analyzed using a MANOVA
to examine differences in group on total number of fixations and percentage of fixations on
features. Mixed-design ANOVAs were used to examine the effects of training on total number of
fixations and percentage of fixations on features. Neutral expressions were analyzed separately
as they did not have intensities. Post-hoc tests were used to further examine any interactions. For
violations of sphericity, degrees of freedom were corrected using the Greenhouse-Geisser
correction. Given that the focus of the study and our hypotheses were related to the effects of
training, any analyses examining the effects of training used custom models selected to output all
main effects and only interactions involving group or time. Pearson’s product-moment
correlations were conducted to explore whether clinical symptoms were associated with FAR
performance and scanpath patterns.
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Results
Sample Characteristics
A total of 34 patients were randomly assigned to the waitlist group (WG; n = 16) or the
training group (TG; n = 18). See Table 1 for sample characteristics. In WG, patients were
diagnosed with schizophrenia (n = 6), schizoaffective disorder (n = 1), delusional disorder (n =
1), bipolar I disorder with a psychosis history (n = 2), bipolar I disorder without psychotic
features (n = 5), and major depressive disorder with a psychosis history (n = 1). Five patients
were not taking any antipsychotic medication and 11 were taking atypical antipsychotic. In TG,
patients were diagnosed with schizophrenia (n = 10), schizoaffective disorder (n = 2), delusional
disorder (n = 1), bipolar I disorder with a psychosis history (n = 2), bipolar I disorder without
psychotic features (n = 2), and major depressive disorder with a psychosis history (n = 1). Five
patients were not taking any antipsychotic medication, 12 were taking atypical antipsychotic, and
1 was taking a typical antipsychotic.
WG had a greater percentage of Caucasian participants than TG and NC, and TG had a greater
percentage of African American participants than WG and NC. The two patient groups did not
differ significantly on age, gender distribution, education, parental education, state anxiety, state
depression, and PANSS positive, negative, and general scores.
Task Performance
Task performance data are presented in Table 4. All task performance data for one patient
in WG was excluded due to her misunderstanding the function of the response buttons on the
controller. The final sample consisted of n = 15 in WG and n = 18 in TG.
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Table 4
Task Performance Data
Nonpsychiatric
Controls (n = 19)
T0
% Correct, Mean (SD)
Mild
Happy
100 (0.00)
Sad
52.3 (24.9)
Angry
34.2 (17.1)
Fearful
80.3 (25.8)
Extreme
Happy
100 (0.00)
Sad
76.3 (19.5)
Angry
84.2 (17.1)
Fearful
93.4 (14.0)
Neutral*
61.8 (23.7)
Metacognitive Accuracy,
Mean (SD), 0-3
Total
2.17 (0.18)
Error trials
1.08 (0.36)
Correct trials
2.55 (.026)
*Neutral expressions do not have intensities.

Waitlist Group
_____(n = 15)_____

Training Group
_____( n = 18)_____

T0

T2

T0

T2

93.3 (11.4)
55.0 (23.5)
21.7 (22.9)
83.3 (22.5)

100 (0.00)
73.3 (17.6)
41.7 (20.4)
56.7 (20.0)

97.2 (8.1)
45.8 (27.5)
30.6 (26.5)
84.7 (17.4)

98.6 (5.9)
75.0 (19.2)
29.2 (26.1)
43.1 (20.7)

100 (0.00)
78.3 (16.0)
95.0 (10.4)
91.7 (12.2)
55.0 (27.9)

98.3 (6.5)
80.0 (16.9)
91.7 (12.2)
85.0 (15.8)
67.5 (28.3)

100 (0.00)
73.6 (23.4)
81.9 (16.7)
90.3 (15.2)
64.6 (34.1)

97.2 (8.1)
81.9 (14.4)
90.3 (15.2)
88.9 (15.4)
79.9 (25.8)

2.07 (0.24)
0.94 (0.44)
2.52 (0.34)

2.17 (0.27)
0.85 (0.52)
2.54 (0.30)

2.14 (0.27)
0.62 (0.40)
2.68 (0.33)

2.24 (0.30)
0.64 (0.47)
2.72 (0.32)

Baseline Task Performance at T0
Baseline FAR accuracy data at T0 were analyzed using a mixed-design ANOVA with
within-subjects factors of emotion (happy, sad, angry, fearful) and intensity (mild, extreme), a
between subject factor of group (NC, WG, TG), and age as a covariate. Mauchly’s test indicated
that the assumption of sphericity had been violated for the main effect of emotion (X2(5) = 13.62,
p = .018) and the interaction between emotion and intensity (X2(5) = 19.89, p = .001); therefore,
degrees of freedom were corrected using the Greenhouse-Geisser correction. Results revealed
main effects of emotion, F(2.59, 124.30) = 3.42, p = .025, ήp2 = .067 and intensity, F(1, 48) =
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15.85, p < .001, ήp2 = .248, qualified by an emotion by intensity interaction, F(2.46, 118.01) =
4.56, p = .008, ήp2 = .087. This interaction was explored by examining the effect of intensity in
each of the four emotions separately. Results indicated that FAR accuracy was greater for
extreme intensity faces than for mild intensity faces that were sad, F(1, 50) = 5.79, p = .020, ήp2
= .104 and angry, F(1, 50) = 14.11, p < .001, ήp2 = .220, but not happy, F(1, 50) = 0.036, p =
.850, ήp2 = .001 or fearful, F(1, 50) = 1.69, p = .200, ήp2 = .033. There was no significant main
effect or interactions of group (all ps > .1).
Neutral faces were examined separately due to not having intensity levels. A one-way
ANOVA with age as a covariate revealed no significant effect of group on FAR accuracy to
neutral faces at T0, F(2, 48) = 0.66, p = .522, ήp2 = .027.
Baseline metacognitive performance at T0 was analyzed using a mixed-design ANOVA
with a within-subjects factor of trial accuracy (error, correct), a between-subjects factor of group
(NC, WG, TG), and age as a covariate. Results revealed a main effect of trial accuracy, F(1, 48)
= 35.28, p < .001, ήp2 = .424 and group, F(2, 48) = 4.11, p = .023, ήp2 = .146, qualified by a
significant interaction between trial accuracy and group, F(2, 48) = 5.66, p = .006, ήp2 = .191.
The effect of group was examined for each type of trial accuracy separately using a one-way
ANOVA with group as the between-subjects factor and metacognitive accuracy as the dependent
variable, and age as a covariate. For error trials, the omnibus test was significant F(2, 48) = 7.06,
p = .002, ήp2 = .227 and pairwise comparisons of the adjusted means revealed that TG (0.58 ±
0.10) had significantly lower metacognitive accuracy than both NC (1.17 ± 0.11, p = .001) and
WG (0.88 ± 0.11, p = .042). NC and WG did not differ significantly (p = .106). For correct trials,
the omnibus test was not significant F(2, 48) = 2.530, p = .090, ήp2 = .095.
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Effect of Training on Task Performance
Effects of the training on task accuracy were analyzed using a mixed-design ANOVA
with within-subjects factors of time (T0, T2), emotion (happy, sad, angry, fearful), and intensity
(extreme, mild), and a between-subjects factor of group (WG, TG). Mauchly’s test indicated that
the assumption of sphericity had been violated for the time by emotion interaction (X2(5) =
11.76, p = .038) and the time by emotion by intensity interaction (X2(5) = 21.67, p = .001);
therefore, degrees of freedom were corrected using the Greenhouse-Geisser correction. Results
revealed significant main effects of emotion, F(3, 93) = 94.06, p < .001, ήp2 = .752 and
intensity, F(1, 31) = 272.45, p < .001, ήp2 = .898. There was a significant two-way interaction
between time and emotion, F(2.47, 76.52) = 26.00, p < .001, ήp2 = .456 and significant threeway interactions of time by intensity by group, F(1, 31) = 8.50, p = .007, ήp2 = .215 and time by
emotion by intensity, F(2.15, 66.74) = 15.86, p < .001, ήp2 = .338.
The three-way time by intensity by group interaction was followed up by examining the
time by group interaction at the two levels of intensities separately. To do this, we collapsed
across emotions and conducted a mixed ANOVA with a within-subjects factor of time (T0, T2)
and a between-subjects factor of group (WG, TG). Results revealed that at mild intensity, there
was a significant interaction between time and group, F(1, 31) = 4.86, p = .035, ήp2 = .135. This
interaction was driven by a trend for WG’s FAR accuracy to improve from T0 to T2, F(1, 14) =
3.90, p = .068, ήp2 = .218, while TG’s FAR accuracy worsened slightly but not significantly,
F(1, 17) = 1.515, p = .235, ήp2 = .082. This interaction was not significant for extreme intensity
stimuli, F(1, 31) = 2.77, p = .106, ήp2 = .082.
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The three-way time by emotion by intensity interaction was followed up by examining
the time by emotion interaction at the two levels of intensities separately. Among the mild
intensity stimuli, there was a significant time by emotion interaction, F(3, 96) = 8.53, p < .001,
ήp2 = .211. The effect of time was then examined in each emotion separately. FAR accuracy
improved significantly from T0 to T2 for mild intensity sad faces, F(1, 32) = 25.48, p < .001, ήp2
= .443 and FAR accuracy decreased significantly from T0 to T2 for mild intensity fearful faces,
F(1, 32) = 68.67, p < .001, ήp2 = .682. FAR accuracy was not significantly different between T0
and T2 for mild intensity happy, F(1, 32) = 3.88, p = .057, ήp2 = .108 or angry, F(1, 32) = 2.38,
p = .133, ήp2 = .069 faces. Among the extreme intensity stimuli, there was no interaction
between time and emotion (p > .2).
Neutral faces were examined separately due to not having intensity levels. A repeated
measures ANOVA with a within-subjects factor of time (T0, T2) and a between-subjects factor
of group (WG, TG) revealed a significant main effect of time, F(1, 31) = 7.68, p = .009, ήp2 =
.199, such that FAR accuracy improved from T0 to T2. There were no significant effects of
group or interaction between group and time (p > .2).
Effects of training on metacognitive accuracy were examined with a mixed-design
ANOVA with within-subjects factors of time (T0, T2) and trial accuracy (error, correct), and a
between-subjects factor of group (WG, TG). Results revealed a significant main effect of trial
accuracy, F(1, 31) = 231.66, p < .001, ήp2 = .882. Across time points and groups, metacognitive
accuracy was greater for correct trials (M = 2.61 ± 0.06) than for error trials (M = 0.77 ± 0.07).
There were no main effects of time or group, or any interactions involving time or group (ps >
.4).
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Visual Scanpath Characteristics
Eye tracking data for one patient in WG was excluded because the eyetracker was unable
to accurately calibrate with her eye gaze and rendered her data unusable. The final sample
consisted of n = 15 in WG and n = 18 in TG. In all three time points, total number of fixations
was highly correlated with total duration of fixations, total number of fixations on features, and
total duration of fixations on features (r = .77 to .97, all ps < .001). Furthermore, percentage of
fixations that were on features was highly correlated with duration of fixation on features (r = .97
to .98). Therefore, analyses were only conducted on the total number of fixations and percentage
of fixations on features, as these two variables were not significantly correlated (.07 to -.28, ps >
.1) and provided unique information.
Baseline Scanpath Variables
Baseline scanpath data were examined using a MANCOVA with an independent variable
of group (NC, WG, TG), dependent variables of total number of fixations and percentage of
fixations on features, and age as a covariate. Results revealed a significant effect of group on
total number of fixations, F(2, 48) = 5.04, p = .01, ήp2 = .173. Pairwise comparisons indicated
that WG had greater total number of fixations (adjusted M = 13.10 ± 1.11) than NC (adjusted M
= 7.55 ± 1.10; p = .003) and TG (adjusted M = 10.17 ± 0.93; p = .035). There was no difference
between NC and TG (p > .09). There was no significant effect of group on percentage of
fixations on features, F(2, 48) = 1.08, p = .349, ήp2 = .043.
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Engagement in Training Program
As can be seen in Table 5, during the training T1, TG had many more fixations and
longer fixation durations in total and specifically on features than WG at T1. In fact, there was a
7- to 11-fold increase in these variables at T1 than T0 in the TG group, indicating that the
training did result in TG fixating on the face and on features more times and for longer. As
compared with NC, TG’s number of fixations and fixation durations in total and specifically on
features were 7- to 12- fold greater, which is consistent with the training program that used the
average fixation duration of the control group and multiplied it by 4 and repeated 3 times. In
contrast, there was no effect of training on the percentage of fixations on features. This is not
surprising because there were no baseline group differences on this variable and while the
training program aimed to increase the number of fixations and fixation duration, the proportion
of fixations on feature remained the same in the training program. In TG at training T1, there
were no “low” outliers as defined by values that were below 3 standard deviations from the
group mean (z < -3) on any of the scanpath variables, suggesting that there were no problems
with training compliance. There was one participant whose total number of fixations and total
number of fixations on features were 3 standard deviations above the mean, which indicates that
he fixated much more than was coached by the training program. However, removing him from
the analysis did not change the results and his data were included.
Effect of Training on Scanpath Variables
The effects of training were examined for the two scanpath variables using separate
mixed-design ANOVAs with a within-subjects factor of time (T0, T2) and a between-subjects
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factor of group (WG, TG). There were no effects of time, group, or any interactions between
time and group on total number of fixations or percentage of fixations on features (all ps > .2).
Because the accuracy data showed that group interacted with time and intensity, changes
across time in the number of fixation at each facial feature of interest were examined at each
intensity level, collapsed across emotions, using mixed-design ANOVAs with a betweensubjects factor of group (WG, TG) and a within-subjects factor of time (T0, T2).
For the number of fixations on the eyes, there was a significant main effect of intensity,
F(1, 31) = 32.05, p < .001, ήp2 = .508, such there was a greater number of fixations for mild
intensity stimuli (M = 1.79 ± 0.21) than for extreme intensity stimuli (M = 1.65 ± 0.19; p < .001).
There were no main effects of time, group, or any interaction between time, group, and intensity
(all ps > .2).
For the number of fixations between the eyes, there were no main effects of intensity,
time, group, or any interactions (all ps > .09).
For the number of fixations on the nose, there was a main effect of intensity, F(1, 31) =
54.02, p < .001, ήp2 = .635, such there were greater number of fixations for mild intensity
stimuli (M = 3.57 ± 0.37) than for extreme intensity stimuli (M = 2.77 ± 0.31; p < .001). There
were no main effects of time, group, or any interaction between time, group, and intensity (all ps
> .1).
For the number of fixations on the mouth, there were no main effects of intensity, time,
group, or any interactions (all ps > .2).
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Table 5
Scanpath Parameters as Average Per Stimulus
NC (n = 19)

_________WG (n = 15)_________
T0
T1
T2
Total # of fixations
8.92
12.00
11.78
11.21
(3.45)
(3.46)
(4.18)
(4.17)
Total fixation duration (ms)
2476.04
3345.30
3527.16
3163.09
(1053.60)
(1445.37) (2000.32) (1510.69)
Total # of fixations on features
7.64
9.60
9.53
9.13
(3.33)
(2.89)
(3.69)
(3.80)
Total fixation duration on features (ms)
2124.44
2688.46
2863.32
2582.22
(1016.60)
(1048.51) (1651.02) (1263.14)
% of fixations on features
85.62
80.60
81.66
81.60
(13.14)
(11.91)
(12.31)
(10.87)
% of fixation duration on features
85.88
81.66
82.45
81.61
(14.20)
(12.71)
(14.02)
(12.35)
NC = nonpsychiatric controls; WG = waitlist group; TG = training group.
*includes all three repeats of the training trial.
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_________TG (n = 18)__________
T0
T1*
T2
9.64
74.83
10.01
(4.59)
(21.14)
(5.71)
2651.72
29195.18
2845.21
(1406.58)
(3409.22)
(1727.00)
7.57
55.33
8.26
(3.64)
(18.57)
(5.22)
2130.72
22656.96
2402.76
(1164.58)
(6206.63)
(1639.08)
79.63
74.52
81.85
(10.90)
(15.20)
(10.53)
80.91
76.77
82.94
(12.40)
(15.16)
(12.12)

Exploratory Analyses
Pearson zero-order correlations were computed among the clinical symptoms measures
(i.e., PANSS positive, negative, and general factors, BDI, and STAI) in the two patient groups
combined and baseline task performance and baseline scanpath patterns (i.e., FAR accuracy,
metacognitive accuracy, total fixation count, and percentage of fixation on features). As these
correlations were exploratory in nature, there was no adjustment to the alpha level (.05) for the
multiple comparisons. Results revealed a significant negative correlation between PANSS
negative factor and baseline metacognitive accuracy, r(31) = -.39, p = .024. No other correlations
were significant (all ps > .08). Given that there were no effects of training on task accuracy or
scanpath variables, we did not examine the relationship between symptom measures and change
in these variables from T0 to T2.
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CHAPTER 4: DISCUSSION
Overall scanpath results in our nonpsychiatric control group were consistent with the
literature. In Schurgin et al. (2014), emotional faces were displayed to participants for 3 seconds
and the reported average number of fixations across all emotions was 8.3 per trial. In our study,
controls’ sum duration of all fixations was approximately 2.3 seconds per trial and there was an
average of 8.9 fixations per trial. These similar findings suggest some consistency in the length
of time and number of fixations that nonpsychiatric individuals tend to devote to facial affect
recognition. Scanpath sequences were highly unique among individuals, and reflect early
findings of Walker-Smith et al. (1977) that scanpath sequence was variable across participants.
Some patterns also emerged in the number of fixations and whether they differed based on
emotion and intensity. Happy faces were viewed with fewer fixations than other emotions and
the neutral expression; fearful, neutral, and sad faces were viewed with similar number of
fixations, and angry faces were viewed with the most number of fixations. This pattern is
roughly consistent with accuracy data (Table 4), indicating that participants looked longer at
emotions that were more difficult to identify. Sad and angry faces were viewed with significantly
more fixations when their intensity was mild as compared with extreme, while similar number of
fixations and durations were used to view happy and fearful faces regardless of intensity. Given
the high accuracy rate in happy and fearful faces, there may have been a ceiling effect that
precluded detection of intensity effects.
To our surprise, patients and controls did not differ on baseline task performance. Our
control and patient samples performed generally better than previously reported on one of the
initial studies by the developers using this set of stimuli (Kohler et al., 2003); overall task
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accuracy in our study was 73.1% for patients and 74.5% for controls, versus 63.6% for patients
and 71.0% for controls in their study. Our participants performed particularly better for angry,
fearful, and extreme intensity emotions. In contrast, our participants performed much worse on
neutral faces. Differences in stimuli as well as demographic and clinical variables may contribute
to these discrepant findings. We used half of the stimulus set for the baseline which included 40
stimuli. A few other studies have also used a subset of the stimulus set; however, they were used
for imaging studies that did not report accuracy or in other populations (e.g., prodromal patients).
It is possible that using a subset of the stimulus set decreased the power to detect differences
between groups at baseline. Furthermore, the control group in Kohler et al. (2003) was a
community sample with 12-14 years of education whereas our control group was current
university students, which may have inflated the scores. Their patient sample was patients
diagnosed with schizophrenia or schizoaffective disorder whereas the patient sample for this
study was a more diagnostically heterogeneous group. The presence and severity of FAR deficits
may vary considerably across these diagnostic groups. For example, meta-analyses have shown
effect sizes for FAR deficits to be in the large range for schizophrenia patients (d = -0.89 (Kohler
et al., 2010) to d = -1.03 (Chan et al., 2010)) and in the moderate range for a combined sample of
bipolar and depressive patients (d = -0.49 (Kohler et al., 2011)). To compare clinical symptoms
of our patients with that of Kohler et al. (2003), conversion equations provided by van Erp et al.
(2014) were used to convert the SANS and SAPS symptoms rating in their study to our PANSS
ratings. Their patients’ SAPS global summary score was estimated to be equivalent to 12.8 on
the PANSS positive factor and the SANS global summary score was estimated to be equivalent
to 12.0 on the PANSS negative factor. These scores are roughly comparable to those in our
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patients; therefore, symptom severity does not appear to be a significant contributor to our null
baseline findings. Our study did reveal effects of intensity and emotion, consistent with Kohler et
al. (2003).
Results showed some differences between WG and TG on baseline metacognitive
accuracy, specifically that TG had lower metacognitive accuracy for error trials than WG and
NC, while WG and NC did not differ. Error monitoring impairment has been shown in patients
with schizophrenia behaviorally and psychophysiologically (e.g., Moritz & Woodward, 2006;
Chan, Trachik, & Bedwell, 2014) but less research has been done in this area with bipolar
disorder or other psychotic disorders. Thus, differences in metacognitive accuracy may be due to
the small sample size and the distribution of diagnoses in the two patient groups. Despite our
random assignment, TG had more patients with schizophrenia/schizoaffective disorder and WG
had more patients with bipolar disorder.
Although there were generally no baseline differences between patient and control groups
in FAR accuracy, it was still of interest whether any changes in FAR accuracy and metacognitive
accuracy resulted from the training. Baseline differences between WG and TG were controlled
for by the repeated measures design. We were most interested in effects that involved group or
time. Contrary to our hypothesis that FAR accuracy would improve in TG as compared to WG,
TG’s performance showed no change post-training while WG’s performance improved for mild
intensity expressions at T2. There was no group by time interaction for extreme intensity faces. It
is unclear why training would hamper in TG the improvement on mild intensity stimuli that WG
showed, and this warrants more research. Also contrary to our hypothesis that TG, but not WG,
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would exhibit significantly increased metacognitive accuracy at T2, there was no main effect of
group which indicates that the training did not affect metacognitive accuracy.
Other FAR accuracy patterns emerged that were related to time regardless of group (i.e.,
regardless of training per se). Across both patient groups, there was a significant effect of time
for mild intensity and neutral faces, but not extreme intensity faces. There may have been a
ceiling effect for extreme intensity stimuli, as baseline FAR accuracy did not differ from controls
and the accuracy was high to begin with (group mean accuracy for each extreme intensity
emotion > 73%) while chance level FAR accuracy would be approximately 20% given the 5
emotion choices. Across patient groups, FAR accuracy improved at T2 for mild intensity sad
faces and neutral faces, while accuracy decreased for mild intensity fearful faces. Given that
there was no interaction with group, there may have been a practice effect in both groups that
improved FAR accuracy. It is unclear why accuracy to mild intensity fearful faces worsened at
T2. It is possible that excessive second-guessing after completing the baseline and T1 tasks led to
decreased accuracy.
Because many of the scanpath variables were highly correlated, only total number of
fixations and percentage of fixations on features were analyzed, as these two variables were not
correlated and provided unique information. At baseline, WG had a greater total number of
fixations than NC and TG, while NC and TG did not differ. This may, again, be related to the
unequal distribution of diagnoses in these two patient groups. Despite the lack of baseline
difference, we remained interested in whether scanpath variables changed after training.
Contrary to our hypothesis that scanpath patterns would be significantly different in TG after
training toward being more similar to scanpath variables of NC, while WG would exhibit no
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change, we did not find any effect of group or time on total number of fixations, percentage of
fixations on features. There was also no effect of group or time on number of fixations on any
specific feature.
Our exploratory analysis revealed that in the patient groups combined, the PANSS
negative symptoms scale was negatively associated with baseline metacognitive accuracy.
Negative symptoms are thoughts, feelings, and behaviors normally present that are absent or
diminished in an individual with a mental illness, such as apathy, inability to experience
pleasure, blunted affect, or decreased speech. This finding may reflect a lack of motivation in
self-monitoring. It is also possible that there is shared underlying pathology, as both negative
symptoms and metacognition are associated with aberrant activity and connectivity involving the
frontal areas of the brain (e.g., Reckless, Andreassen, Server, Østefjells, & Jensen, 2015;
Weinberg, Dieterich, & Riesel, 2015).
This study was limited by a small sample size. It is possible that some effects, including
the lack of baseline difference between the patient and control groups, were undetected due to
insufficient statistical power. The foundation of a treatment study is that there is a deficit to
ameliorate in the study sample, and this study would have benefited from obtaining a sample
with a FAR deficit. While we wanted to adopt a transdiagnostic approach, FAR deficits have
mainly been established in schizophrenia and, to a lesser extent, bipolar disorder, but not in other
disorders involving psychosis. A greater number of individuals in each diagnostic category
would allow for examination of any differences based on diagnosis. Future studies should
investigate other disorders with psychosis to determine whether FAR deficits are present and
their severity. It is likely that not all patients with psychosis or bipolar disorder have FAR
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deficits, and that even among patients with FAR impairments, there is likely high variability in
the severity of their impairments. It would be helpful to target individuals with deficits sufficient
for demonstrable response to training in a treatment study. Furthermore, diagnosis was not
equally distributed between the two patient groups; WG had more bipolar patients whereas TG
had more schizophrenia/schizoaffective patients. While the mixed repeated measures design
controlled for these differences in the within-subjects comparisons, it is possible that the group
comparisons were affected by the unequal distribution of diagnoses. Until FAR deficits and other
factors, such as trainability, are better understood in these different disorders, studies should
match groups on diagnosis when taking an RDoC approach.
Despite the lack of FAR deficit in our patient sample, any effects produced by the
training program remained of interest. The training manipulation was effective at increasing
fixations and fixation durations during the active training portion of the task in TG; however,
effects were not maintained at T2. A ceiling effect is possible as patients did not demonstrate an
abnormal gaze pattern at baseline. Moreover, while all stimuli were from the same stimulus set,
T2 stimuli were different faces than T0 and T1, and the training may not have been adequate to
generalize to different stimuli. Relatedly, the training was very brief and consisted of only one
session with active training that lasted approximately 45 minutes. Existing training programs
have been shown to change scanpath patterns in a single session (Marsh et al., 2012) or over 12
weekly group sessions (Drusch, Stroth, Kamp, Frommann, & Wölwer, 2014); however, while
FAR improvements occurred with changes in scanpath patterns, neither study found changes in
scanpath variables to be significantly correlated with FAR accuracy. As such, it is possible that
scanpath patterns may be just one of many other factors that contribute to emotion recognition
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ability, and that there may be factors that moderate the relationship between scanpath patterns
and FAR accuracy.
Another limitation was the relatively small number of stimuli in the task. We wanted to
maintain consistency in the stimuli for T0 and T2 and split the stimulus set between the two time
points, resulting in 40 stimuli per time point and only 4 stimuli per stimulus condition. More
trials would increase statistical power for the repeated measures analyses. Given these limitations
and the lack of baseline differences, it is not possible to determine from this study whether the
training did not have an effect because of a lack of deficit in the patients or because of the
training program itself. Future studies should examine the nature of FAR deficits and scanpath
abnormalities in different diagnostic samples. When implementing the RDoC approach,
recruitment may target diagnoses that have been associated with FAR deficits, but inclusion
should be based on baseline FAR accuracy regardless of diagnosis in order to establish a sample
with FAR deficits as a target for treatment. Finally, exploration of dose-response effects in FAR
remediation would be helpful in optimizing the efficiency of training programs.
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